The severity of the atherosclerotic disease of the coronary arteries is demonstrated to be an important predictor of survival in a group of 224 patients followed from 5 to 12 years after coronary arteriography. The group consisted of young patients (average age 41.8 years) without hypertension or congestive heart failure, who were studied during the stable phase of their disease. The current status of 218 or 97% of this group of patients is known.
T HE DEVELOPMENT of vein bypass surgery
for angina pectoris has emphasized the need for detailed knowledge of the natural history of ischemic heart disease. The vein bypass operation brings symptomatic relief to 85% of patients, but the effect of the procedure on the course of the disease is difficult to assess. Surgeons, physicians and the general public often assume that because exercise tolerance is increased, life expectancy is also increased; this assumption is unwarranted.
An evaluation of the effect of coronary vein bypass surgery on the natural history of ischemic heart disease requires comparable groups of patients. Ideally, patients should be randomly assigned to a medical or a surgical group and then followed for a number of years. Studies following this design are underway, but their results will not be known for many years. A less ideal but more easily. executed approach is to identify comparable groups of patients retrospectively on the basis of clinical and arteriographic characteristics. This report of the natural history of ischemic heart disease in 224 patients followed from five to 12 years provides the basis of such a comparison. In 1970, the two to nine year follow-up on these patients was the subject of a preliminary report.' The arteriographic characterization of the patients has been emphasized because the coronary anatomy is a prime factor in the selection of patients for surgical therapy.
Methods Patient Selection
During the seven year period from 1960 to 1967, more than 1000 patients were referred to The Johns Hopkins Medical Institutions as potential candidates for selective coronary arteriography to determine the cause of chest pain. The patients were first evaluated by history and laboratory tests, and most were subjected to exercise electrocardiography.2 Patients with crescendo or unstable angina were eliminated because such symptoms precluded exercise testing or coronary arteriography at the time of the study. Patients with severe hypertension were also excluded.
Three-hundred and fifty patients;were selected for coronary arteriography to help clarify the diagnosis and facilitate management of their disease. Of the 350 patients, a few have been excluded because studies were unsatisfactory, many because associated diseases (primarily myocardial disease, aortic stenosis, or other valvar disease) were present, and 40 because coronary vascular surgical procedures were performed during the period of observation following the arteriographic study. This report concerns the remaining 224 patients. All patients were examined by at least one of the authors and histories were taken by two independent physicians. Chest pain was categorized prior to the arteriographic study according to the set of definitions presented in table 1. If there was disagreement between the two physicians the pain was classified as uncertain. Eight patients had no pain at the time of examination but were studied because of electrocardiographic abnormalities and/or previous episodes of pain which were thought to be of ischemic myocardial origin.
Selective Coronary Arteriography
Selective arteriography was performed in all patients using the Sones technique.3 The arteriograms were recorded on 35 mm film. Early in the study only the left anterior oblique projection was used; in the later stages of the study the right anterior oblique projection was added. Each of the three major coronary arteries was graded individually according to the scoring systerri shown in table 2 and illustrated in figure 1. Although the arteriographic scoring was performed many months after the patients had left the hospital, the film reviewers were familiar with all patients studied in the laboratory and often recognized patients by their distinctive arteriographic features. All scoring was done independently by two of the authors. In those instances where the point score differed, the two reviewers examined the films together and agreed upon a final score.
Observation Following Arteriogram
Follow-up information was obtained from letters sent to referring physicians, by re-examination of patients by one of the authors and by phone calls to referring physicians and patients. The last patients included in the series were studied in 1967 and therefore as of December 1972 all living patients have been followed for at least five years post-arteriography, and information is available through July 1972 on 97% of the patients. When the patient had died the cause and circumstances of death have been learned from the patient's physician and from the death certificate. Table 1   Table 2 Scoring Technique for Arteriographic Abnormalities 0: No arteriographic abnormalities seen. 1: Trivial irregularity(ies) in lumin-al diameter.
2: Localized narrowing estimated to be greater than 50%y but less than 90O% of the luminal cross section area.
3: Multiple narrowings in the same vessel, estimated to be greater than 5°0c/X6 and less than 90%. 4 : Narrowinig or narrowings estimated to be greater than 90%`; of the lulminal cross section area. 5,: Total obstruction of a vessel without any filling of the distal segment from the proximal portion.
Results
The distribution of the 224 patients according to arteriographic score is presented in bar graph form in figure 2. One-hundred and two patients had normal arteriograms, reflecting the fact that arteriography was frequently performed in the early 1960's to aid in the solution of difficult clinical problems of chest pain. Significant disease of all three of the major coronary branches was practically always present when a score of ten or more points was found. The example chosen in figure 1 represents the common combination of a total obstructiotf in the right coronary artery, a severe narrowing in the left anterior descending artery and a lesser lesion in the circumflex artery, yielding a total score of 11.
There were 40 deaths during the 12 year followup; 32 of these were attributed to atheroselerotic heart disease (ASHD). All 32 deaths due to ASHD, AR TERIOGRA PHIC RCA SCORING TECHNIQUE LCA 1. Typical Angina Pectoris: The pain or discomfort was clearly precipitated by exertion and relieved by rest, inivolved at least some part of the sterntum, and was described as visceral in character, e.g., tightness, squeezing, constriction. 2. Atypical Angina Pectoris: The pain was thought to be due to myocardial ischemia but did not fulfill one or more of the criteria for typical angina pectoris.
3. Uncertain Paiin: The classifying physicians were uincertain as to whether the pain was related to the heart, or there was disagreement rega.rding classification of pain. 4. Not Angina Pectoris: There was agreement among the classifying physicians that the pain did not originate in the heart. These patients had been told by at least one physician in the past that they had ischemic heart disease. represented by the solid black bars in figure 2, occurred in patients with arteriographic scores of 4 or more. Most of the ASHD deaths were in those patients with severe diffuse disease (10 or more points); the mortality rate in this group was about 50%. Deaths due to other causes are represented by the dotted bars in figure 2. Death was due to malignancy in three patients; accident in two patients, and ruptured cerebral aneurysm, renal failure and dissecting hematoma of the aorta in the other three patients. The mean age for the entire group of 224 patients was 41.5 years. Of the 122 patients with abnormal arteriograms the mean age of the survivors was 42 years and of those who died was 41 years.
The patients were divided into four groups, based on the results of the scoring of the coronary arteriogram: 0, 1-4, 5-9, 10+ ( fig. 3 ). The groupings were done prior to the determinations of the final survivorship status of the sample, and were based primarily on the distribution curves of the scores. Most of the deaths occurred in the group of 47 patients with severe disease (score 10-15). Twentytwo of the deaths due to ASHD in this group occurred within the first five years after arteriography and only one death due to ASHD has occurred between the sixth and twelfth year. The 32 deaths due to atherosclerotic heart disease during any particular year following arteriographic study is represented by the circled numbers above the bars. The 8 deaths due to other causes are indicated by the urncircled numbers above each bar. score). The same information is presented in figure  4 in life table form4 of predicted survival following arteriography. The predicted survival curve of the group with severe disease is significantly worse than the other groups, especially during the first five years. During the later years of follow-up, the number of patients involved is small and the comparison of differences in predicted survival is not significant. Table 3 presents information about a very important group of 32 patients with single vessel disease. These patients had significant arteriographic abnormalities in only one of the three major coronary branches. Each of these 32 patients had a narrowing of greater than 50% in one vessel and either no abnormality (score 0) or trivial irregularities (score 1) in the other vessels. Seventeen of these patients had an arteriographic score of 2 or Life and 15 had a score of 4 or 5. The mean age of this group was 39.2 years and again, each survivor had been followed for a minimum of five years and some for as many as twelve years. There were two deaths. Both deaths occurred in patients with disease in the left anterior descending vessel; one in a single car accident 27 months after study and the other from heart failure after multiple infarctions 78 months after study. Although the postmortem examination of the patient killed in the auto accident demonstrated no evidence of a recent arterial occlusion, the possibility of an arrhythmia or early infarction without histologic changes cannot be excluded. The other death occurred in a patient who developed severe hypertension, although at the time of arteriography his blood pressure was 115/85 mm Hg. The left anterior descending (LAD) coronary artery was the vessel most commonly involved, as has been reported by others.5 6 In nine patients with 90% or greater obstruction of the LAD, there has been only one death.
The relationship between the type of chest pain and the arteriographic score is presented in table .4. Seventy-seven percent of individuals with scores of 10 or more had typical angina. No patients with a score of 10 or more were pain free or had chest pain not considered to be angina. Of the subjects with an arteriographic score of 0 only 6% had typical angina and 36% had pain not believed to be angina.
The number of survivors was then determined within each chest pain and arteriographic score category (table 5). Survival is much less likely for those with typical angina pectoris than with the other types of chest pain, varying from 31% deaths for typical angina to no deaths when the chest pain was not considered to be angina pectoris. The mortality is related to the arteriographic score within each of the clinical chest pain groups (there were no deaths due to ASHD in the group of patients classed as having chest pain not due to angina). Thus, within each clinical chest pain category, the arteriographic scores appear to predict subsequent mortality. Similar data on asymptomatic individuals are obviously difficult or impossible to obtain in vivo until arteriography becomes an established safe procedure and can be applied in prospective population studies. However, studies of the pathology of sudden ASHD death among primarily asymptomatic individuals in this same community have shown that practically all had severe disease of several coronary arteries. 7 Six patients classified as having typical angina pectoris were found to have normal coronary arteriograms (table 4) . The most likely explanation for this apparent disparity is that the patients' medical histories were misinterpreted and their pain incorrectly classified. This conclusion is supported by the follow-up information which shows that none of these patients has died (table 5). Most of the patients in this group had seen many physicians prior to referral for study and it seems likely that these contacts had unconsciously modified the history of chest pain to that considered typical of angina pectoris. Alternatively, this group might include a number of patients with true ischemic heart pain but anatomically normal coronary arteries. The excellent prognosis for survival in this type patient has been reported by others.8 9 Small In an effort to further compare the clinical presentation, arteriographic score and mortality, the charts of all patients were reviewed and the patients were classified according to the severity of their pain as follows: pain free, pain with severe exertion, pain with minimal exertion, pain at rest. In 57 patients the chart did not contain information about disability. Mortality was directly related to the severity class (table 6).
The relationship between arteriographic scores, severity of chest pain and survival is shown in table 7 . There was an association between severity of pain and arteriographic score. Within each of the three chest pain categories there was also a greater mortality with increasing arteriographic scores. Furthermore, there was little difference in mortality by severity of chest pain within each of the angiographic scores. Thus, among individuals with scores of 10 or more, 56% (10 of 18) with angina associated with severe exertion, 54% (7 of 13) with Circulation, Volume XLIX, March 1974 angina on minimal exertion, and 44% (5 of 12) with angina at rest have died. The number of deaths among individuals with scores of 5 or more and no pain was too small to allow an analysis of the importance of arteriographic scores among pain free individuals.
Resting 12-lead electrocardiograms (ECG) of 223 of the study patients, obtained shortly before arteriography, were analyzed by an observer who had no knowledge of the history, the arteriographic findings, or of follow-up information (table 8). All of the ECGs were reviewed by one author. The incidence of Q waves, conduction defects, and arrhythmias was small because most patients with these abnormalities were not considered for arteriography between 1960 and 1967. Abnormal ST-T waves were present in 83 ECGs and the mortality rate of these patients was 26% as compared to a mortality rate of 6.5% in patients with normal ST-T waves. The mortality of patients with moderate or severe disease (score 5-9 and 10-15, respectively) and abnormal ST-T waves was nearly double that of patients with moderate or severe disease and normal ST-T waves. The comparison of the risk factors after adjustment for the arteriographic scores was then further formulated by a matched pair analysis. For every ASHD death the next surviving case with approximately the same arteriographic score (within 3 points) was matched independent of other risk factors. The matching created two comparable groups with regard to age, sex, arteriographic score and time of initial examination. A statistical analysis of the matched pairs in relation to the selected variables was then completed. Since this was a retrospective-prospective study in which the data were initially collected years prior to the planned data analysis, certain information was occasionally missing for one member of a pair. Both members of the pair were then excluded for that specific analvsis. As noted in table 9, only ST-T abnormality on the resting ECG was noted to be an independent risk factor after adjusting for coronary arteriographic scores. An abnormal ECG pattern during exercise was not considered in this analysis since this study was not performed on a significant number of patients.
As a second approach to the evaluation of the combined effects of type of chest pain, severity of pain, arteriographic score and ST-T changes on the resting electrocardiogram, a binary variable multiple regression analysis using the Feldsteinll model was completed. Of these four variables, only the arteriographic score (P = <.01) and the ST-T changes on the resting electrocardiogram (P= <.02) were significant; type and severity of chest pain added little to the prediction of ASHD mortality in the multiple iregression equation.
Other studies12 13 report that hypertension, heart failure, and cardiomegaly are associated with an increased risk of dying even in patients with comparable arterial disease. These characteristics could not be analyzed in the present study since they were considered relative contraindications to arteriography when the basic data for this study were gathered. The circumstances at the time of death are known for 27 of the 32 ASHD deaths: 24 of the 27 (88%) died within one day of onset of a new event and at least 11 of the 27 died outside of a hospital. All of the deaths in the angina at rest group were sudden.
One hundred sixty-one of the 178 survivors were interviewed by telephone or mail in an effort to determine the morbidity in the arteriographic score subgroups. The results of these interviews are presented in table 10 . As with mortality, the group with scores of 10 points or greater have a much higher frequency of persistence of angina pectoris symptoms, unemployment or use of nitroglycerine. Only 2 of the 24 patients with severe disease reported that they were pain free and without cardiovascular limitations. The incidence of subsequent nonfatal myocardial infarction and heart failure symptoms was not apparently different in the four groups.
Discussion
Studies based on clinical presentation alone have shown an expected mortality of 3-9% per year Table 9 Matched Pair Analysis (32 Pairs) Case+ Case- in patients with angina pectoris.'4-17 Previous reports" 18 have demonstrated the value of supplementing the clinical presentation with arteriographic information. It seems clear that arteriograms properly performed and interpreted do not overlook significant life-threatening disease. It is apparent that obstructive coronary lesions demonstrated by arteriography are powerful predictors of death among patients in this study. Clinical presentation is also a strong predictor of mortality. It would appear from both a statistical and a biological model that variables such as type and severity of chest pain act indirectly as predictors because of their association with the severity of the coronary stenosis. Studies designed to evaluate the influence of medical or surgical therapy on survival should for this reason utilize arteriographic findings in the selection of groups of patients."' For example, a trial designed to evaluate the effect of antiarrhythmic drugs on mortality in coronary disease should probably be conducted in a population which has been precisely characterized by arteriography. It is recognized that the population reported here was highly selected in that these 224 patients were drawn from more than 1000 patients referred for evaluation of chest pain. These patients were young (average 41.5 years); each had survived the presenting manifestations of ischemic heart disease, and each had reached a stable stage of his disease. The extrapolation of these data to populations of dissimilar characteristics with regard to selection or composition is not possible.
The value of arteriography and follow-up information about specific groups of patients with ischemic heart disease is illustrated by the 32 patients with single vessel disease. Patients from this group are often considered to be ideal surgical candidates and surgery is frequently advised to avoid myocardial infarction and death. However, Circulation, Volume XLIX, March 1974 these patients also seem to be ideal candidates for more conservative management. The excellent prognosis in the group of patients with single vessel lesions who are in a stable phase of their disease is supported by autopsy studies of patients with ischemic heart disease who die suddenly. Single vessel disease is exceedingly rare in this population; most patients who die suddenly have extensive coronary artery disease.7
These studies of patients with single vessel disease cannot be extrapolated to determine prognosis during the acute phase of myocardial infarction or to determine the prognosis of a patient during an unstable anginal period. For example, it is possible that a high percentage of patients who develop a single occlusive lesion in the anterior descending vessel proximal to the first perforating branch will die acutely. Our results merely indicate that once the acute event is safely passed, the prognosis is good.
The results of a study by Helfant, Vokonas and Gorlin20 apparently are at variance with those presented here. These authors reported 16 deaths in a group of 89 patients with disease of a single vessel who were followed for 22.9 months. However, their study was designed to evaluate the effect of collateral vessels on the course of ischemic heart disease; patients were therefore selected with this objective in mind. Also, patients treated surgically were excluded; the effect of this exclusion depends on the criteria used for selecting patients. Lastly, the age of the population is not stated. Thus, it seems likely that this group of patients may not be comparable to that reported here.
Reports of studies from other institutions have confirmed that arteriographically demonstrated disease of a single vessel is associated with a lower mortality than that associated with more extensive disease. A summary of the results of four of these 49.5 studies is presented in table 11. Obstruction of the left anterior descending artery was associated with a greater risk of dying than similar disease in either the right or circumflex arteries in the studies of Lichtlen and Moccetti2l and Moberg, Webster and Sones.22 The fact that an abnormal ST-T wave on the ECG is associated with a higher mortality among groups with the same arteriographic score is not explained. Perhaps the ST-T change represents myocardial damage due to coronary atherosclerosis and thus selects those patients who have extensive infarcted areas. Exercise ECG's were obtained on most of the patients in this series but many with the most severe symptoms were not exercised. Although the predictive value of an abnormal ECG response to exercise was similar in direction to the abnormal ST-T wave on the resting ECG, the incompleteness of the data does not allow a positive statement as to its value.
Other investigators have found that an abnormality of the resting ECG is associated with a greatly increased risk of dying in groups of patients with angina pectoris.17 23 Additionally, an elevated blood pressure was noted by Frank17 to worsen the prognosis of the patient with angina pectoris. The combination of an abnormal ECG and an elevated blood pressure was associated with a risk of dying in the absence of either of these factors.
It is important to emphasize that the present study, and those discussed above, do not indicate a poor prognosis based on an abnormal ST-T wave without other evidence of coronary atherosclerosis or ischemic heart disease. In fact, in the present study, there were 32 patients with abnormal ST-T waves and normal coronary arteriograms, and none have died due to atherosclerotic heart disease during the follow-up period.
